substance did not appear to be a nucleotide, nucleic acid base or any known intermediate of pyrimidine metabolism.
In addition to these breakdown products, it has now been demonstrated by biochemical methods, that psoriatic scales contain relatively large amounts of both RNA and DNA as compared with callus (1) . This finding has suggested that in psoriasis, there is a defect in the metabolism of nucleoproteins with retention of nucleic acids in the scales. There are no reports in the literature concerning the nucleic acids and their bases in the horny layers of other scaling dermatoses. In view of the high pentose content found in some of these diseases, a similar retention of RNA and DNA would be expected.
In the present study, the nucleic acids of psoriatic scales were determined and compared with normal stratum corneum, callus and scales from other dermatoses. The aqueous extracts of these horny layers were analyzed in order to detect any nucleic acid bases. The unidentified substance in callus was further studied and its presence in other scaling dermatoses investigated. MATERIAL 1. Normal stratum corneum was gathered by gently scraping the limbs of human volunteers at weekly intervals with a glass slide. All subjects were over the age of 60 years and were not suffering from any skin disease. Sufficient material for biochemical analyses was obtained by pooling approximately 100 specimens on each occasion.
2. Callus was obtained from the feet of normal subjects.
3. Psoriatic scales were collected from 30 subjects with chronic psoriasis. Specimens were mainly from the trunk and limbs, a few from the scalp. Some patients were receiving local or systemic treatment or both. 4 . Scales from the following dermatoses were also studied:
I. Pityriasis rubra pilaris-4 cases Scales freed from debris were defatted for 48 hours in three changes of ether at room temperature and dried. Distilled water (15 ml/G) was then added to the fat-free scales and allowed to remain in contact with them for 24 hours at room temperature. During this time the mixture was gently stirred on several occasions, but grinding and shaking of the scales were avoided in order to prevent any breakdown of the nucleic acids. The filtered aqueous extract was deproteinized with trichloracetic acid or by ultrafiltration and concentrated in a current of warm air to a final volume of 5 ml. per G. of fat free scales.
Pentose was determined by the orcinol method (6) and desoxyribose with diphenylamine (7) in aliquots of the aqueous extracts. The presence of nucleic acid bases was investigated by means of paper chromatography (8). Volumes of 100 l., equivalent to 20 mg. of fat-free scales, were applied to strips of Whatman No. 1 filter paper and ascending and descending chromatography performed with a variety of solvents. The compounds under investigation were adequately separated with isopropanol; water; hydrochloric acid (8). Unless stated otherwise, the results reported in this paper have been obtained with this solvent. Examination of the dried strips under ultraviolet light (S. L. Mineralight 2537) revealed the presence of dark spots which were outlined in pencil for further study. The Rf values of the spots were determined in the usual manner; each spot was then cut off the strip and extracted with 3 ml. 0.1 N hydrochloric acid for 24 hours. The acidic extracts were examined in a Beckman DU spectrophotometer and their absorption in the ultraviolet measured. From the data thus obtained and by comparison with known purine and pyrimidine bases, the nature of each substance was determined. Quantitative estimations of the eluted compounds were performed by reference to standard solutions of nucleic acid bases, readings being taken at the absorption maximum (X max) of each compound as determined spectrophotometrically.
Nucleic Acids
Extraction of the nucleic acids was carried out by a modification of the Schneider method (9) . Following the removal of the water soluble components, the residual scales were homogenized in three volumes of 5% trichloracetic acid at 4°C.
in an all glass homogenizer. The homogenized scales were then washed three times in cold 5% trichloracetic acid and all the acid extracts set aside for further study. The nucleic acids were extracted by heating at 90°C. in two changes of 5% trichloracetic acid for a total period of 30 minutes. The nucleic acid extracts were combined and after the removal of residual protein, concentrated to a final volume of 5 ml per G. of scales. Aliquots of the concentrated extracts were used to determine the RNA by the orcinol method (6) and the DNA by the diphenylamine reaction (7).
RESULTS

Nucleic acids
Small amounts of RNA and DNA were detected in normal stratum corneum and in callus (Table I) . Psoriatic scales contained significantly larger amounts of both nucleic acids (Table II) . The nucleic acid contents of the scales of the other dermatoses investigated are listed in Table III. Nucleic acid decomposition products Pentose and desoxyribose were present in the aqueous extracts of normal stratum corneum and callus (Table I) .
Paper chromatography of the aqueous extracts of normal stratum corneum showed three spots similar to those found in extracts of callus by Wheatley (1) . Two of these were identified as xanthine (Rf = 0.20 to 0.22) and hypoxanthine (Rf= 0.28 to 0.31). The third spot (Rf= 0.58 to 0.59) could not be identified as any known nucleotide, nucleoside or nucleic acid base. The ultraviolet absorption spectra of this substance at various pH concentrations are shown in Figure   2 . A similarity was noted between the spectral behavior of the unknown substance and urocanic acid (imidazoleacrylic acid; Figure 3 ), an ultraviolet absorbing material isolated from human sweat (10, 11) and present in human epidermis. (12) . The absorption maximum at pH 1 of urocanic acid (A max = 266 mi) and that of the unknown compound (A max = 268 miL) were almost identical. At alkaline pHs, both sub- Urocanic acid is resistant to the action of strong acids. The presence of concentrated hydrochloric acid in the solvent system could result in cleavage between the urocanic acid and the substance with which it is possibly combined. In order to investigate this hypothesis, the unknown substance from callus was separated by paper chromatography with butanol : water (86: 14) as the solvent, and aqueous eluates were hydro- It will be noted that following acid hydrolysis of the unknown substance, its Rf values in the the two solvents were the same as those of urocanic acid. The spectral behavior of the unknown substance after hydrolysis (X max pH 1 = 260 to 262 mtz; pH 10 = 285 mi) was different, however, from that of urocanic acid. If the above theory was correct, the spectra should have been identical.
Quantitative determinations of xanthine and hypoxanthine and a qualitative evaluation of the amount of the unknown substance in normal corneum, are given in Table I .
Aqueous extracts of psoriatic scales showed a significantly elevated pentose content (Table   II) ; a similar, but less marked increase, was RI observed in certain other dermatoses (Table   Value   III an RI value of 0.54, identical with a known pure sample of uridine and different from the RI values of the uridine phosphate compounds published in the literature (14) .
For quantitative estimations, the uracil and uridine were separated by two-dimensional chromatography, using the isopropanol : water: hydrochloric acid and aqueous butanol solvents (Table II) .
Results of the examination of aqueous extracts of the other pathological scales are summarized in Table III . It will be noted that in conditions where hyperkeratosis is the predominant feature, the unknown substance of normal horny layers and callus, was readily demonstrable. Scales from cases of exfoliative dermatitis, pityriasis rubra pilaris and seborrheic dermatitis contained uracil and, in a few specimens, a trace of uridine was also detected. Both uracil and the unknown substance referred to above were found in two cases of seborrheic dermatitis and one case of exfoliative dermatitis and pityriasis rubra pilaris. The highest concentrations of the unknown substance were found in callus, with smaller amounts in ichthyosis vulgaris and ichthyosiform erythroderma. No other nucleic acid derivatives were detected. The scales of those conditions characterised by parakeratosis were found to contain significantly larger amounts of both DNA and RNA. This has been demonstrated by Wheatley (1) in the case of psoriasis, but is also true for pityriasis rubra pilaris, seborrheic dermatitis and exfoliative dermatitis of non-psoriatic origin. Because of the increased content of nucleic acids in these parakeratotic scales, the various decomposition products are found in greater abundance than in purely hyperkeratotic disorders. The very large quantities of pentose present in psoriatic scales was again confirmed, and the observation of Flesch and Esoda (4) that this increase is not specific for psoriasis was supported by the high pentose content of scales of seborrheic dermatitis and exfoliative dermatitis. Most of the parakeratotic scales examined contained xanthine and hypoxanthine in larger amounts than normal horny layers, undoubtedly due to the greater amounts of adenine and guanine released from the nucleic acids.
The presence of uracil is not specific for psori- acids from the homogenized horny material. Prolonging the extraction time to two hours or raising the temperature to 100°C resulted in only a small additional yield of DNA and RNA. Some breakdown and loss of the nucleic acids probably occurred during homogenization of the scales, but this was reduced to a minimum by carrying out this stage of the investigation at a low temperature and as rapidly as possible.
The results of this study indicate that there is a retention of both DNA and RNA in parakeratotie horny layers. No biochemical determinations of the nucleic acids in either normal or pathological human epidermis have been reported in the literature. Histoehemieal studies of psoriatie epidermis have shown that the RNA is increased (16, 17) . The high RNA content of psoriatic scales reflects the increased cellular activity (increased metabolism) of the epidermis and is due to the incomplete degradation of cytoplasmic nueleoproteins. Histoehemically, the DNA of psoriatic epidermis is not increased compared with normal epidermis (15) . No increase of DNA was found with biochemical methods in the epidermis of psoriatics from which all visible scales had been removed (19) . Similarly, Reinberg etcii (20) found no increase in the DNA content of whole skin taken from psoriatie lesions following removal of all scales by brushing. The DNA present in the psoriatie scales would, therefore, appear to be derived from nuclei which are retained in the parakeratotic horny layer.
Recently, the presence of nueleases in human epidermis has been demonstrated by Santoianni and Rothman (21) . There is, however, no direct evidence that these enzymes are responsible for the breakdown of nueleoproteins during normal keratinization and their behavior in parakeratotic conditions remains to be clarified. One other possible source of the nucleic acids is from degraded leukocytes (22) , which may be present in the scales of psoriasis, seborrheic dermatitis, exfoliative dermatitis, etc. In an attempt to assess the importance of leukocytie decomposition, scales from the parakeratotie dermatoses were obtained by means of the "surface biopsy" method of Goldsehmidt and Kligman (23) , and stained with Giemsa. Relatively few leukocytes could be found amongst the horny cells and these would constitute only a limited source of nucleic acids.
The nature of the nucleic acid decomposition products found in the aqueous extracts of parakeratotie scales is of interest. Of these, pentose has received the most attention, no doubt because of the strongly positive reaction obtained with the oreinol reagent. It is worthy of note, however, that this test is relatively non-specific and is subject to interference by proteins, mueopolysaccharides and other carbohydrate-containing substances (24) . The aqueous extracts of psoriatie scales have been shown to contain hexosamine (25, 26, 27) which also gives a positive oreinol reaction. Following removal of the hexosamine by precipitation with excess acetone, the aqueous extract still contained approximately 80% of the pentose material originally present. Attempts to isolate the pentose and to define its nature more precisely by means of paper chromatography (1), formation of a p-bromo-phenylhydrazone derivative (19) and other methods, have, so far, been unsuccessful. This difficulty in identification of the pentoses is probably due to their being combined to other chemical substances, such as amino acids (28) or to the presence of interfering substances (1) . Because of the large amount of pentose present in psoriatic scales, it has been suggested that the deeom- It is possible that the presence of uracil may be unrelated to nucleic acid catabolism and be derived from some other source, such as uridine diphosphoglucose (1) . The latter possibility is worthy of further study since all the components of the uridine compounds essential for the formation of mueopolysaccharides-viz. pentose, phosphate, hexosamine and uronic acid, in addition to uracil, are increased in psoriatie scales.
The presence of a substance in callus, absorbing strongly in the ultraviolet range 260 to 280 m was first reported by Wheatley (1). As indicated above, this unknown compound is also present in normal stratum corneum and certain hyperkeratotic conditions. This substance cannot be identified as any known nucleic acid derivative; it is possible as Wheatley (1) points out, that it may be unrelated to nucleoprotein catabolism and be derived from some other source. The unknown compound possesses some of the characteristics of urocanic acid, which is known to occur in normal stratum corneum disjunctum (32) and in the barrier layer of human epidermis (12) . The results of the experiments outlined in this paper however, suggest that the unknown compound is not urocanic acid, but the possibility that it might be a uroeanic acid derivative, could not be ruled out.
Further work is in progress to establish the identity of the unknown substance.
One of the most interesting observations regarding the unknown substance is that it is usually absent from psoriatic scales. Only two specimens among 30 cases of psoriasis contained the unknown substance. In the first of these, the horny material analyzed had separated as large casts from the hands and feet following keratolytic therapy. Biochemically this material had the characteristics of both callus and psoriatic scale, for in addition to the unknown compound, uracil was also detected, and both the RNA and DNA were significantly increased. In the second case scales were collected for 12 months from small psoriatic lesions of the elbows; it is possible that a small amount of normal stratum corneum was included in the specimens analyzed and this would account for the presence of the unknown substance. It would be of interest to examine further specimens from cases of chronic localized psoriasis in which the scales have been retained for long periods of time. The unknown compound seems to be present whenever there is delay in the normal exfoliation of the skin surface, and keratin is retained. In psoriasis, the rate of keratinization is greatly accelerated and separation of the scales occurs so rapidly that the unknown substance may not have time to accumulate in sufficiently large amounts to be detected.
The finding of the unknown substance in a few cases of other parakeratotic disorders, such as seborrheic dermatitis and exfoliative dermatitis is due to the fact that the scales were removed together with varying amounts of normal horny layer. The impression was obtained that in seborrheie dermatitis entering a more chronic stage, the amount of the unknown substance increased, and the highest concentration was present in material which contained a high percentage of dandruff flakes (seborrhea sieca). 2. In parakeratotie disorders, the RNA and DNA were significantly increased; in predominantly hyperkeratotic conditions, the amounts
